Abstract. Different L-prolinamides 14, prepared from L-proline and chiral β-amino alcohols are active bifunctional catalysts for the direct nitro-Michael addition of ketones to β-nitrostyrenes. In particular, catalyst 14e prepared from L-proline and (1S,2R)-cis-1-amino-2-indanol exhibits the highest catalytic performance working in polar aprotic solvents such as NMP. and good enantioselectivities (up to 80% ee) are obtained at rt.
Introduction
The Michael addition is one of the most frequently used C-C bond forming reactions in organic synthesis. 1 Particularly, the conjugate addition of a carbon nucleophile to a nitroalkene is a very useful synthetic method for the preparation of nitroalkanes, which are valuable building blocks in organic synthesis. Nitro compounds can be transformed into amines, ketones, carboxylic acids, nitrile oxides, etc. 2 Asymmetric reactions catalyzed by organocatalysts 3 have become very attractive in recent years since environmentally friendly and metal-free transformations are desired. Barbas, 4 List, 5 and Enders 6 independently reported the first organocatalytic addition of ketones to trans-β-nitrostyrene using L-proline (1) as catalyst with good yields but very low enantioselectivities. Since then, very effective catalytic systems have been developed for the asymmetric Michael reaction of aldehydes 7 and ketones 7b-f, 7h-i, 7k-l, 8 with nitroalkenes. 9 Best improvements to this reaction have been mostly achieved using pyrrolidine-based catalytic derivatives (2-10), 7d-j, 7j, 8b, 8d- 
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Scheme 3. Synthesis of organocatalysts 14
We initially screened the library of prolinamide-derived catalysts 14 (20 mol%) for the 1,4-addition between 3-pentanone and β-nitrostyrene in a typical polar protic solvent such as MeOH at rt 17 (Scheme 4, Then, we screened a range of solvents with the best catalyst 14e ( Table 2 ).
The optimum results were obtained with polar non-protic solvents such as DMF and NMP ( Table 2 , entries 5-7), providing high conversions and good enantioselectivities being the highest 80% ee for NMP. This represents a significant improvement in the ee value over the initially obtained in MeOH as solvent ( Table 2 , compare entries 1 and 6). With respect to the diastereoselectivity, all the tested solvents afforded similar levels ranging from syn/anti: 90/10, for CH 3 CN, to 93/7 for MeOH. Interestingly, the reaction time was reduced in NMP from 7 to 3 d by simply stirring the catalyst and the ketone at rt for 20 min prior to the addition of the electrophile (Table 2 , entry 7).
These conditions still afforded high conversions and similar selectivities ( Table 2, compare entries 6 and 7). a To a solution of catalyst 14e (20 mol%) in the corresponding solvent (0.2 mL) were added 3-pentanone (4 mmol) and β-nitrostyrene (0.4 mmol) and the resulting mixture was stirred at rt (see colum).
b Determined by 1 HNMR and/or GC analysis.
c Ee for the syn diastereoisomer. Determined by chiral-phase HPLC analysis.
d A mixture of catalyst 14e (20 mol%) and 3-pentanone (4 mmol) were stirred for 20 min in NMP (0.2 mL) at rt.
Then, β-nitrostyrene (0.4 mmol) was added to the mixture and the reaction was stirred at rt for 3 d.
Under the established best reaction conditions, various nitrostyrenes were then evaluated as substrates (Scheme 5 and Table 3 ). 18 The reaction appears quite general with respect to the nature of the aromatic Michael acceptor. Generally, excellent yields and good enantioselectivities were observed. The introduction of electronwithdrawing or electron-donating groups on the aromatic ring of the nitroolefin did not affect the enantioselectivities. Thus, 4-tolyl, 4-chloro, 4-methoxy, and 3,5- dichlorosubstituted aryl nitrostyrenes gave compounds 16b-e in 92-98% yields, 92/8 to 93/7 diastereomeric ratios and 73 to 78% enantioselectivities in 4 d reaction time (Table 3, entries 2-5) . However, in the case of the 4-(trifluoromethyl)phenyl derivative a 50% ee for the major diastereoisomer syn-16f was obtained (Table 3,   entry 6 ). In general, the syn-diastereoselectivity was slightly higher when electron poor styrenes were used (Table 3 , entries 3, 6 and 7). Finally it is worthy to mention that prolinamide catalyst 14e can be easily recovered (80% recovery) from the reaction mixture after extractive workup and reused after flash chromatography with similar results ( 
Conclusions
From the first direct enantioselective conjugate addition of ketones to β-nitrostyrenes catalyzed by 1,2-amino alcohol-derived prolinamides studies, it can be deduced that 1,2-amino alcohol-derived prolinamides promote the syn-diastereo-and enantioselective Michael addition of ketones to nitrostyrenes. The best catalyst derived from L-proline and (1S,2R)-cis-1-amino-2-indanol gave a de up to 94% and 80% ee of the syn adduct. It seems that both the amide hydrogen and the chiral hydroxyl group of the catalysts play an important role in the process. Furthermore, prolinamide catalysts can be recovered and reused. Further studies on the scope of prolinamide-derived catalysts 14 in Michael and other organocatalytic asymmetric C-C bond-forming reactions are currently underway.
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